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Physiological and biochemical changes during seed development and

maturation in onion (Al/lium cepa L..)
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Abstract: Onion (Allium cepa L.) is one of the important
commercial bulb vegetables. Harvesting a seed crop at the
correct stage not only aims at preserving the viability and
vigour potential of the seeds but also eliminates the field
damage. The present study was made to know physiological
and biochemical changes associated during seed
development and the right stage of harvest for quality seeds.
The samples were collected from the tagged umbles starting
from 5" day after 50% flowering up to 45" day. Dry weight
ofthe seeds increased and reached the maximum (0.27g) at
40 DAA (days after anthesis) after which the values
remained constant. Dehydrogenase and alpha amylase
activity increased progressively with accumulation of seed
reserves. Peroxidase activity was almost unaltered from 20
to 40 DAA and later decreased at 45 DAA. SDS-PAGE
profile of Tris soluble storage proteins showed synthesis
and accumulation of several polypeptides during the course
of seed maturation. The seed quality in terms of germination
and vigour were similar and their maximum at 40 and 45"
DAA. The seed attained physiological maturity between
these stages and 45" DAA with seed moisture content of
16.6% was found to be the right stage for harvest.
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Introduction

Onion (A4llium cepa L.) is one of the important
commercial bulb vegetables grown in India. In any
crop the stage of harvest greatly influences the quality
of the seeds produced. For seed purpose, physiological
maturity is the right stage and the maturity stages have
been found to induce several physiological and
biochemical changes during seed growth and

M Ramya

Department of Seed Science & Technology, GKVK, Bangalore-
560 024 India

HS Yogeesha, K Bhanuprakash and R Veere Gowda

Indian Institute of Horticultural Research, Bangalore-560 089 India

development. In addition, these changes play a major
role in determining viability and vigour potential of seed.
Thus, seed is a suitable material to study the function
of space and stage specific proteins. Hence, a study
was carried out in this direction to find out various
physiological and biochemical changes that occurred
during seed development and to identify right stage of
harvest for quality seeds in onion cv. Arka Bindu.

Materials and Methods

Onion cv. Arka Bindu was grown in the Kharif season
for production of bulbs and selected bulbs were planted
in rabi 2004-05 for the experimental purpose. The crop
was raised using recommended package of practices.
For seed developmental studies, individual umbels were
tagged at 50% anthesis during the flowering period. The
samples were collected from the tagged umbels, at 5
days interval, starting from 5" day after 50% flowering
up to 45™ day. Various physiological and biochemical
studies were conducted as per the procedures given
below.

The moisture content of seeds was determined using
halogen moisture analyzer calibrated to oven drying. For
100 seed fresh weight, seeds collected at different stages
were weighed immediately. These seeds were dried
using halogen moisture analyzer and dry weight was
recorded. Seed yield of 5 randomly selected plants at
various stages of seed development was recorded in
grams and average seed yield per plant was worked
out. The seeds were evaluated for germinability (ISTA
1996) and vigour index (Abdul Baki and Anderson 1973).
The 100-seed weight was determined following the ISTA
rules (ISTA 1996). The seed steeped water at 100° C
was used for estimation of EC (Agrawal and Dadlani
1987). Total starch content, Amylase activity, Peroxidase
activity (Sadasivam and Manickam 1996), Protein
content (Lowry et.al. 1951) and Dehydrogenase activity
(Agrawal and Dadlani 1987) were studied during various
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developmental stages. For SDS-PAGE exactly 0.1g of
sample was homogenized in an eppendarf tube by adding
400ml of extraction buffer (Tris—glycine PH 8.3). The
samples were centrifuged at 10000x g for 10 min. and
supernatant was collected. To 10 ml of the supernatant
10ml of working sample buffer was added and boiled
at 100°C for 5 minutes. The samples were subjected to
SDS- PAGE (Laemmli 1970) on 12.5% acryl amide gels.

The data were statistically analysed as per the methods
outlined by adapting “Fisher’s Analysis by Variance
Technique. Critical Difference (CD) values were
computed wherever ‘F’ test was significant.

Results and Discussion

During seed development and maturation, many events
like formation of protein, starch and changes in enzymes
activities were noticed (Table 1). Protein accumulation
occurred till 35 DAA (57.4mg/ml), thereafter it remained
almost constant. Starch accumulation increased from
20 DAA (33.8mg/ml) to 45 DAA (86.4mg/ml) imparting
more weight to the seeds with advancement in
maturation. The process of reserve material
accumulation during maturation was further
accompanied by loss in seed moisture content (Table
2).

Appearance of enzyme activity varied with stage of
maturation. Dehydrogenase and a-amylase activity
increased progressively with accumulation of seed
reserves (Table 1). The dehydrogenase activity was
noticed only at 20 DAA (0.23) and increased significantly
and progressively upto 45 DAA (1.81). The alpha
amylase activity was very less during initial stages of
seed development (10 and 15 DAA) and its activity
increased from 20 DAA (460mg maltose produced /ml/
min.) to 40 DAA (1780mg maltose produced /ml/min.).

Table 1: Biochemical changes during seed development of
onion Cv. Arka Bindu

Treatment  Protein Starch Dehydro- Peroxidase Amylase
(ng/ (ug/ml) genase (AOD/  (ug maltose
ml) (0.D min /mg prod. ml/

510nm)  protein) min)

10 DAA 35.1 304 0 0 60.0

15 DAA 379 358 0 0 140.0

20 DAA 41.0 3338 0.2 0.9 400.0

25 DAA 439  38.1 0.3 0.9 1100.0

30 DAA 525 39.0 0.4 0.8 1060.0

35DAA 574 429 0.8 1.1 1480.0

40 DAA 576 753 1.1 0.7 1780.0

45 DAA 562 864 1.8 0.5 1480.0

SEm + 1.4 1.9 0.01 0.2 92.2

CDat5% 2.8 4.0 0.03 0.3 190.3

CDat1% 3.8 5.5 0.03 0.4 257.9

DAA = Days after anthesis

Peroxidase activity as almost unaltered from 20 DAA
(0.9) to 40 DAA (0.7) and later decreased at 45 DAA
(0.5). The decrease in whole seed peroxidase activity
(45 DAA) when compared to 35 DAA could be attributed
to loss in seed moisture or due to alteration in organ
specific peroxidase activity as noticed by Rauf (1980a
and 1980b).

SDS-PAGE profile (Fig. 1) of Tris soluble storage
proteins showed synthesis and accumulation of several
polypeptides. Rapid accumulation of polypeptides was
noticed from 20 DAA with synthesis of new
polypeptides till 40 DAA and remained unchanged at
later developmental stages. Two polypeptides ranging
between 43-29 kD and 29-21 kD stained intensively
with CBB suggesting their abundant accumulation during
seed maturation. A total of sixteen polypeptides appeared
at 40 and 45 DAA and they remain unchanged till
maturation.

Table 2: Changes in seed fresh weight, dry weight, test
weight, initial moisture content and per plant yield as
influenced by seed development stages in onion Cv. Arka
Bindu

Treatments 100 seeds 100 seeds 100 Initial Seed yield
Fresh Dry seeds  moisture  per plant
weight (g) weight  weight content of (g)
(€3] (& seed (%)
15 DAA - - - - -
20 DAA 0.73 0.15 0.16 79.03 2.18
25 DAA 0.72 0.18 0.19 78.90 2.39
30 DAA 0.76 0.17 0.18 78.33 2.82
35DAA 0.81 0.24 0.25 70.45 4.01
40 DAA 0.57 0.27 0.29 52.88 4.84
45 DAA 0.37 0.31 0.33 16.60 5.57
SEm + 0.02 0.02 0.02 2.49 0.34
CD at 5% 0.04 0.03 0.03 5.19 0.69
CDat 1% 0.06 0.05 0.05 7.06 0.95

DAA = Days after anthesis

The changes in dry weight, test weight and initial
moisture content are shown in Table 2. The 100 seed
weight increased from 20 DAA (0.16g) to
45DAA(0.33g) and the dry weight of seeds increased
gradually from 20 DAA (0.15g) to 40DAA(0.27g). The
moisture content was reduced drastically from 52.9%
to 16% at 45" DAA. The 100 seed weight and dry
weight of seeds increased as the stage of harvest
advanced and reached the maximum at 40 DAA after
which the values remained almost constant. At this stage
dry matter accumulation mainly in the form of starch
and protein was also at its maximum (Table 1). The dry
weight of seeds remained almost constant after 40DAA
indicating that the seeds attained physiological maturity
at 40 and 45 DAA. The moisture content was reduced
drastically from 52.9% at 40" DAA to 16% at45" DAA.
Similar findings in onion were also reported by Steiner
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Table 3: Seed quality as influenced by seed developmental stages in onion Cv. Arka Bindu

Treatments  Germination (%)*  First count (%)*  Seedling Seedling Seedling EC (us/cm)

Root length (cm) Shoot length (cm) Vigour Index

15 DAA 0.0 (0.0) 0.0 (0.0) 0 0 0 157.7

20 DAA 1.0 (2.9) 0.0 (0.0) 0 0 0 152.7

25 DAA 70 (14.9) 2.5 (8.9) 0 0 0 157.6

30 DAA 10.5 (18.8) 4.0 (11.3) 0 0 0 102.8

35 DAA 45.5 (42.3) 14.5 (22.3) 5.2 6.2 518 134.5

40 DAA 95.0 (76.9) 77.0 (61.2) 6.4 8.9 1456 128.6

45 DAA 96.0 (78.4) 83.0 (65.6) 6.7 8.9 1474 97.3

SEm + 2.5 1.3 0.3 0.3 50 12.0

CD at 5% 5.25 2.73 0.6 0.6 104 25.8

CD at 1% 7.15 3.72 0.8 0.9 141 35.8

* Figures in the paranthesis are arc sine transformed values.

and Akintobi (1986) The seed yield per plant was
maximum (5.57 g) at 45" DAA.

The seed quality parameters in terms of germination
and vigour were given in Table 3. All the quality
parameters improved with increased in seed maturity
from 15 DAA to 40 DAA and remained almost constant
after that. Germination was observed only at 25 DAA
(7%) and rapid increase in germination was noticed after
30 DAA and reached maximumat 40 DAA (95%) and it
remained almost constant at 45 DAA (96%). Since there
was no or few seeds germinated at early stages of seed
development the vigour index was not recorded till 30
DAA. Among the remaining later stages of seed
development, maximum vigour index was recorded at
45 DAA (1474). The electrical conductivity of seed
leachates significantly decreased as the stage of seed
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Fig 1 : Develop tal c in the lation of seed protein in
onion Cv. Arka Bindu seperated on 12.5% SDS-PAGE

M- Marker (Myosin-205, Phosphorylase B—97 4, BEA-68, Ovalbumin-43,
Carbonic anhydrase-29, soybean Trypsin intibitor-20.1, Lysozyme-14.3,
A-protinin-6.5, Insulin-3 kD.

DAA- Days After Anthesis

development advanced.

The continued development of immature seeds during
the course of seed development as reflected in
accumulation of food reserves and increase in test
weight is the reason for better germinability with seedling
vigour as measured in terms of seedling root and shoot
length. Similar observation was recorded by (Thomazelli
et.al. 1994 and Shantha Nagarajan and Pandita 2002)
in onion. Hence, it was conclded that 45 DAA was the
ideal stage of harvest for quality seeds and onion umbels
in cv. Arka Bindu can be harvested at 126 days after
bulb planting for maximum seed quantity and quality.
Similar to our observation Kalavati et. al. (1990) also
reported that the seed crop of Bellary onion could be
harvested at 125 days after bulb planting for obtaining
high quantity and quality seeds.

In summary, the onion seed Cv. Arka Bindu attained
physiological maturity between 40 and 45 DAA and 45™
DAA with seed moisture content of 16.6% was found
to be the right stage for harvest.
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